Abstract
INTRODUCTION
The fourth leading cause of death related to cancer is attributed to pancreatic adenocarcinoma in the United States [1] , with an overall 5-year survival of 7.2% and 2.4% in patients with metastatic disease [2] . The disease is generally silent in the early stages and is usually detected once patient develops symptoms from local or distant metastasis. Overall, half of the patients are found to have metastatic disease at diagnosis [1] . Risk factors for pancreatic adenocarcinoma include male sex, elderly age, family history, African American race, obesity, diabetes, tobacco use, and chronic pancreatitis [3, 4] . The treatment of pancreatic cancer is dependent on stage of disease, and is divided into three categories: Resectable, locally advanced, and metastatic disease. Locally advanced disease can be treated with neo-adjuvant chemotherapy followed by surgical resection. The mainstay of treatment for metastatic disease is palliative chemotherapy [5, 6] . There have been numerous advances in oncologic therapeutics, however improvement of survival in patients with pancreatic cancer has been particularly slow [1] . Currently, there is no effective way to predict treatment response and survival at diagnosis aside from stage of disease. For patients with resected cancer, predictors of survival include resection margins, tumor size, and response to chemo-radiation [7, 8] . Given the high morbidity and mortality associated with pancreatic cancer, any prognostic information available to risk stratify patients could be beneficial in planning treatment approaches and palliative discussions.
Inflammation and the body's cellular immune response have been shown to play an important role in the pathogenesis of malignancy and its progression from primary to metastatic disease [9, 10] . These concepts have led the absolute peripheral blood lymphocyte-tomonocyte ratio (LMR) to act as a surrogate biomarker of prognosis in different malignancies, with several studies showing an association between the LMR and survival in multiple myeloma, diffuse large B cell lymphoma, osteosarcoma, non-small cell lung cancer, and breast cancer [11] [12] [13] [14] [15] . The primary aim of this study was to determine if the peripheral blood LMR at the time of diagnosis could be used as a prognostic biomarker in patients with pancreatic adenocarcinoma regardless of treatment modality.
MATERIALS AND METHODS
We identified a cohort of patients diagnosed with pancreatic cancer from the Dallas VA tumor registry at the Veteran's Affairs North Texas Health Care system (VANTHCS) between January 2005 and December 2010. All patients were treated based on the stage of the disease and accepted standard of care treatment protocols which included surgery, chemotherapy, radiation, and palliative stent placement.
We included patients that were only diagnosed with pancreatic adenocarcinoma; other pancreatic tumors such as lymphoma or metastases of other primaries were excluded from the analysis. The study protocol was approved by the VANTHCS Institutional Review Board.
Data collection
Data collected included variables such as age, sex, race, weight, tobacco use, alcohol use, and medical co-morbidities. Specific variables for pancreatic cancer included age at diagnosis, largest diameter of tumor size seen on cross-sectional imaging and survival time in days (using a cutoff date of 10/11/2014 when the date of death was not available). Lab values including CA 19-9, CEA, white blood cell count, platelets, absolute lymphocyte count, lymphocyte percentage, absolute monocyte count, and monocyte percentage were all collected at or within one week of diagnosis.
LMR
The LMR was calculated by dividing the absolute lymphocyte count by the absolute monocyte count on the same blood draw that was obtained at the initial diagnosis of pancreatic cancer and prior to the initiation of any treatment.
Statistical analysis
Univariable Cox regression statistical analysis was performed to determine if LMR was a predictor of survival in patients with pancreatic adenocarcinoma; hazard ratios (HR) and 95%CI were calculated. A P < 0.05 was considered statistically significant. The median LMR was used to dichotomize patients into two groups: Patients with high-LMR and low-LMR. A Kaplan-Meier analysis with log rank test was used to compare survival between the two groups. The association between variables in the subgroups was evaluated by the χ 2 test for categorical variables, the t test for continuous variables, or the Fisher's Exact test.
These analyses were performed using SAS (version 9.2 software, The SAS Institute, Cary, NC) and R (version 2.15.1, the R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
The overall baseline demographics, histopathologic characteristics, and stage are outlined in Table 1 . There were 109 total patients in the Dallas VA Tumor registry that had any type of pancreatic cancer diagnosed between January 2005 and December 2010. Twelve patients with pancreatic neuroendocrine tumors were excluded. In the final analysis, a total of ninety seven patients with pancreatic adenocarcinoma were included (demographics were 66% white, 30% African-American; all were male subjects).
The stage at presentation was I (1%), II (24%), III (14%), and IV (61%). Patients had different presenting symptoms including weight loss (53%), jaundice (44%), poor appetite (21%) and abdominal pain (58%). Treatment included surgery (22%), neo-adjuvant therapy (3%) and palliative chemotherapy (37%) ( Table 1) . Kaplan-Meier survival analysis revealed an overall median survival for patients with pancreatic adenocarcinoma of 128 d (95%CI: 80-162 d).
Ninety-three of the 97 patients with pancreatic adenocarcinoma (96%) had absolute peripheral blood lymphocyte and monocyte values available at diagnosis to calculate the LMR. Mean absolute lymphocyte and mean absolute monocyte values were 1.50 ± 0.07 K/uL and 0.74 ± 0.03 K/mL respectively. Mean, median and range of LMR was 2.36, 2.05 and 0.4-12 respectively.
Univariable Cox regression analysis showed that an increased LMR was a significant indicator of improved overall survival in patients with pancreatic adenocarcinoma (HR = 0.83; 95%CI: 0.70-0.98; P = 0.027). Moreover, a high LMR in this group was significantly associated with a lower risk of early mortality, i.e., survival < 6 mo (OR = 0.66; 95%CI: 0.46-0.95; P = 0.025). The median survival of patients in the high-LMR group (> 2.05) was significantly greater than the low-LMR group (≤ 2.05) (194 d vs 93 d; P = 0.03) (Figure 1) .
To investigate the value of LMR in metastatic disease (stage IV), a uni-variable logistic regression analysis was performed in this group. There was no significant association between LMR and development of metastatic disease (OR = 0.91; P = 0.476). The area under the ROC curve was 0.609 (Figure 2 ), suggesting that LMR may be a poor marker for the prediction of T-lymphocytes have been implicated in a poor immune response to cancers [9, 16, 17] . Monocytes have been implicated in tumorigenesis, including differentiation into tumor-associated macrophages that support tumor invasion, angiogenesis and suppression of the body's own immune response against the tumor cells [10, 18, 19] . [20] . Further testing of these cells in a study including patients with pancreatic adenocarcinoma revealed FOXP3+ protein on immunohistochemical staining [21] . This was further evaluated in a study, which looked at the lymphocyte density and the correlation with lymph node metastasis. They found out that the presence of FOXP3+ lymphocyte was higher in patients who had a higher histological grade of tumor, lymph node metastasis, and advanced stage tumors (stage III and IV vs stage I and II) [22] . While the studies were not prospective in nature, they do validate the importance of these inflammatory cells in dictating the prognosis of these cancers.
Moreover, cytokines released by lymphocytes have roles in both promoting and suppressing a cancer. Haabeth et al [23] conducted a study measuring the cytokine response in mice against cancers (myeloma and B-cell lymphoma). They found that inflammation driven by tumor specific Th1, allowed release of IFNgamma which stimulated macrophages that were cytotoxic to the cancer cells. The CD4 + Th1 cells also help cytotoxic T cells in tumor rejection. On the other hand, the CD4 + Th2 cells are implicated in production of cytokines leading to B-cell activation. Similarly, Ling et al. showed that high numbers of Th1 lymphocytes in tumor tissue was associated with improved prognosis in patients with colorectal cancer [24] . The prognostic ability of the LMR has been demonstrated in various malignancies [11] [12] [13] [14] [15] . However, the exact utility of the LMR for primary pancreatic adenocarcinoma is unclear given the limited data available to date. Li et al [25] evaluated the prognostic utility of the LMR in patients with pancreatic adenocarcinoma in the People's Republic of China but only included patients who underwent pancreatic resection and excluded patients who received adjuvant treatment, had significant co-morbid conditions or a life expectancy of < 6 mo. In addition, the preoperative LMR was used and not the LMR at diagnosis. They found that an elevated preoperative LMR was associated with longer survival. Fujiwara et al [26] evaluated the postoperative LMR exclusively in patients who received pancreatic metastatic disease.
A uni-variable analysis of demographic and clinical variables between the high-LMR and low-LMR was performed to further characterize factors that could affect survival between the two groups. There was a marginally significant difference in the percentage receiving surgery in the high-LMR groups vs low-LMR group (P = 0.05) as well as in race between both groups (P = 0.05). There was no statistical significant difference between patients receiving chemo-radiation (P = 0.4) or stenting (P = 1). Furthermore, there was no difference in demographic variables such as age (P = 0.5), weight (P = 0.4), or risk factors such as tobacco (P = 0.8) or alcohol (P = 1.0) usage between the two groups. Analysis of clinical variables such as stage at presentation, location of tumor, mean CEA levels, and CA 19-9 levels between both groups did not reveal any significant difference (Table 2) .
DISCUSSION
In this study we show that a higher LMR obtained from a peripheral blood count at the time of diagnosis is a predictor of improved survival in patients with pancreatic adenocarcinoma.
The LMR represents the balance between antitumorigenic lymphocytes and pro-tumorigenic monocytes, and may reflect the body's immune response to cancer and host-specific cancer aggressiveness. The T-lymphocytes of the native immune system play a vital role in suppressing anti-tumor immune responses and inducing apoptosis in tumor cells; low levels of Table 2 Clinical variables in patients with high and low lymphocyte-to-monocyte ratio LMR: Lymphocyte-to-monocyte ratio.
evaluation of all patients in a tertiary care center with follow-up data available for each patient included in the analysis.
There is a role of immune-targeted therapies in the future, as it is clear that specific inflammatory cells have an impact on immune surveillance of tumors. Immunotherapies including chemicals that resemble cytokines can be used to up-regulate the cancer fighting cells. Clarifying the specific type of immune cells and chemical cytokines that attract tumor suppressing cells requires further research and understanding of the tumor biology, specifically for the different types of malignancies. Pancreatic adenocarcinoma, despite being one of the more aggressive cancers, still is in the nascent stages of research and investigators are continuing to learn the tumor biology and immunologic effects.
In the future, a large multicenter prospective trial would be beneficial to confirm our findings and validate it for routine use in the prognostication of patients with pancreatic cancer. The cutoff level of the LMR has varied in different studies, with each study using resections in Japan. They also reported an association between higher LMR and disease free survival.
In our study we included all adult patients diagnosed with pancreatic adenocarcinoma regardless of co-morbidities, life expectancy, functional status or intervention modality. Our study is the first study evaluating the utility of the LMR in an American cohort and shows that a higher LMR obtained at diagnosis of pancreatic cancer, regardless of the patient's functional status, various clinical factors or patient demographics validates a significant survival advantage. This information may be used in conjunction with other clinical factors to help in discussing prognosis and/or palliative options with patients as well as aid in scenarios where pateints and providers decide on surgery vs neoadjuvant chemotherapy for borderline resectable tumors.
There are several limitations of this study. These include problems inherent to a retrospective study design such as treatment bias, a limited number of patients, as well as a unique patient population comprising exclusively of veteran male patients. The strengths of the study include a comprehensive multidisciplinary Singh G et al . Lymphocyte-to-monocyte ratio in pancreatic adenocarcinoma
Low-LMR-group
Higth-LMR-group Sensitivity a level specific to their cohort. In the future a single cutoff value for the LMR would need to be validated for further research purposes and clinical use. Moreover, the significance of LMR within various disease stages or a specific treatment modality (such as surgery, chemotherapy and radiation) could be further explored in adequately powered research studies.
In conclusion, the LMR is an easily acquired, minimally invasive, and inexpensive biomarker that may reflect the body's immune response to cancer and hostspecific cancer aggressiveness. Our study shows that a high LMR predicts better overall survival for patients with pancreatic adenocarcinoma and can be used by clinicians and patients as a marker for prognosis.
COMMENTS

Background
Pancreatic adenocarcinoma is an aggressive malignancy and many patients are presented with aggressive treatment options at diagnosis. Inflammation plays an important role in cancer progression and metastasis, and the authors hypothesized that the lymphocyte to monocyte ratio may be a potential surrogate marker of prognosis, helping the patients make difficult decisions regarding which treatment option to pursue. Lymphocytes can be cytotoxic to tumor cells and can induce apoptosis in them, whereas monocytes have properties that promote tumorigenesis. These features might explain why a high lymphocyteto-monocyte ratio (LMR) in peripheral blood has been found to be a favorable prognostic marker for a number of malignancies.
Research frontiers
Several malignancies have shown to have a favorable prognosis with a high peripheral blood LMR. Further research in determining the actual cellular mechanisms regarding the cytotoxic and apoptotic effects of inflammatory cells in different malignancies is where the basic science aspect would be beneficial. Also, validating a certain cutoff point for the LMR will allow clinicians to use the LMR in practice as a prognostic marker.
Innovations and breakthroughs
The LMR has been shown to be of prognostic significance in different malignanices such as breast cancer, multiple myeloma, lymphomas, osteosarcomas, and lung cancers. There are also other inflammatory markers in investigation such as the neutrophil to lymphocyte ratio, which has also been shown to have some prognostic significance.
Applications
They can use the LMR as a surrogate marker of prognosis in patients with pancreatic adenocarcinoma. It is available on routine blood work as they can calculate the LMR from a peripheral blood draw. The value of the LMR, if high, suggests a better prognosis, and may help guide treatment decisions.
Terminology
LMR is the absolute lymphocyte count divided by the absolute monocyte count.
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